cal fold vibration and a stable phonation frequency to activate the strobe light [1] . While high-speed laryngeal imaging can visualize 'true' vocal fold vibration, the considerable acquisition costs and limited recording capacities of conventional systems for high-speed digital imaging have impeded the spread of this highly effective method.
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To date, the number of subjects examined with this system has totaled 215 (124 males and 91 females; mean age 60.6 years; table 1). We analyzed the vocal fold vibration by playback of the video images at various speeds and kymograph images constructed from the MOV files with our original software. Figure 2 shows an example of images of vocal fold vibration in a subject examined with our system (see also online suppl. video, www.karger.com/doi/10.1159/000341095). The subject was an 80-year-old male with a severely 'breathy' voice due to right vocalfold paralysis caused by invasion of thyroid carcinoma on the right recurrent laryngeal nerve. In this case, the left vocal fold started to vibrate earlier than the right. The vocal fold vibration showed left-right asymmetry with respect to the amplitude of vibration (increased amplitude on the right side) and incomplete glottal closure. The mucosal waves also increased on the right side. During videostroboscopy, the vocal fold vibration could not be tracked because the pitch was not accurately detected. Figure 3 illustrates another example. The subject was a 76-year-old male with left vocal-fold scarring after resection of keratosis. The glottis did not close completely and the mucosal waves were absent on the left side, suggesting increased stiffness of the cover.
Discussion
Videostroboscopy has been the primary method used to evaluate vocal fold vibration. However, aperiodic movement due to lesions on the vocal folds or asymmetry of vocal fold function, characterized clinically as a hoarse or rough vocal quality, cannot be visualized with stroboscopy [1] . It is also impossible to observe the folds during a lull in the phonation, such as at vocal onset and offset. High-speed laryngeal imaging offers benefits over standard videostroboscopy in the analysis of aperiodic vocal fold motion and will probably develop as an important adjunct to videostroboscopy in the evaluation of voice disorders [1] . For example, it is sometimes difficult to observe vocal fold vibration using videostroboscopy in patients with hemilateral vocal fold paralysis accompanied by a large glottal gap or in patients with severe Reinke's edema. We believe that high-speed laryngeal imaging is very useful for preoperative evaluation of vocal folds in such cases.
EX-F1 can shoot digital images at maximum of 1,200 fps and can be purchased at approximately USD 1,000 in Japan. Using this camera, we succeeded in shooting ultraslow-motion movies of true intracycle vocal fold vibration at speeds that were previously only available in expensive professional-level cameras.
Apart from its high-speed movie capability and low price, EX-F1 has many other strong points. In its highspeed movie recording mode at 1,200 fps, the total shooting time is as long as approximately 4 h when a 32 gigabyte memory card is used (maximum recording capacity per file is 4 gigabyte). A built-in 2.8-inch monitor screen behind the camera displays images for both recording and playback. A movie is recorded as an MOV file, which is the standard format of QuickTime (Apple Inc., USA). It is possible to copy movie files to a personal computer and to undertake a more detailed analysis such as kymography. The weight of the camera itself is about 671 g, and with a battery, adapter and a rigid endoscope, approximately 1 kg.
The rate of 1,200 fps is helpful in the clinical examination of the vocal folds in many cases, though it may be insufficient for the especially detailed analysis of vocal fold vibration. Our high-speed laryngeal imaging system is highly cost-effective and can be a useful tool when examining the vocal folds of patients with voice problems. 
